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Description 

This invention relates to processes for treating cereal grains and recovering bran, flour and minor high value prod- 
ucts therefrom. The processes are particularly, but not exclusively, useful for the treatment of oat grains. 

In CA-A-1 179 189 (corresponding to EP-A-0088498) an aqueous steeping process for recovering bran and an 
endosperm flour portion from oat grains is described. In this process oat grains, which cannot be dry milled like corn 
(i.e. maize) or wheat grains due to their lipid content, and general kernel softness are steeped in water so as to liquefy 
the endosperm. The grain is then split and an oat flour product is recovered from the liquid endosperm portion and a 
bran product from the insoluble portion. The aqueous treatment does not, however, produce particularly shelf-stable 
products and it has now been determined that the aqueous bran and flour products can be refined and stabilized by an 
alcohol extraction process and that several additional added-value products can be recovered, by ion exchange tech- 
niques, from the alcoholic extractant. The alcoholic extraction process may be applied to cereal grains such as wheat 
and rye in addition to oats, but such cereal grains such as barley and corn are not particularly amenable to processing 
in this manner. 

WO89/01294 discloses a process for fractioning crops, in particular oats, into industrially or nutritionally usable 
fractions, by using dry milling or combined dry and wet milling and extraction. Before a dry milling step, the protein is 
denatured by heat and/or solvent treatment. Extruding and/or percussive, but not cutting grinding methods are used in 
one or several steps for the grinding, and/or for extracting lipids, polar solvents are used at a temperature of 50 to 90°C, 
and/or base extraction is carried out at a temperature of 50 to 75°C, in order to dissolve proteins and/or beta-glucans. 

JP-A-61 -171431 discloses the extraction from gluten (preferably wheat gluten) of a protein which inhibits the pan- 
creatic and salivary amylase of man, pigs and rats. The method involves extraction of a soluble component from the 
gluten by means of an alcohol (preferably aqueous ethanol). followed by an optional gel filtration, and by adsorption of 
the amylase-inhibiting component on anion-exchange material, followed by elution of the protein product. 

US-A-3630754 discloses a process for milling cereal grains, e.g. wheat, maize, rye or sorghum, wherein the grain 
is subjected to a primary controlled milling in the presence of a nonaqueous liquid fat-extractive solvent to separate the 
bran layer constituents from the endosperm components and separate the germ fractions from the endosperm compo- 
nents, the products derived from the milling being subjected to solvent extraction and separation steps to yield a cereal 
grain oil and the fibrous, proteinaceous and starchy components of the grain in the final separation stages. 

The major portion of fibrous component is separated from the other components following the primary milling but 
in advance of the final separation stages, the separated portion of the fibrous component is covered, and the unsepa- 
rated components are separated in the final separation stage into the respective starch component, protein component, 
and the minor portion of the fibrous component. 

An object of the present invention is to provide an aqueous alcoholic treatment process for cereal grains so as to 
produce a flour and other value added products. 

Another object is to provide a bran product possessing functionality characteristic of its p-glucan gum component. 

Yet another object is to provide stable bran and flour products having improved anti-rancidity. 

A still further object is to provide an ion exchange technique for treating aqueous ethanoiic treatment solutions so 
as to recover valuable by-products therefrom. 

By one aspect of this invention there is provided an aqueous alcoholic process for producing relatively pure bran 
and flour products from whole cereal grains without milling comprising: 

(a) steeping said whole cereal grains in water for sufficient time to substantially completely liquefy the endosperm 
content thereof. 

(b) macerating said steeped grain in an aqueous ethanol solution so as to liberate said liquid endosperm, forming 
an endosperm/bran aqueous ethanol slurry; 

(c) screening said aqueous ethanol slurry to separate and recover a stable, insoluble bran product; 

(d) separating and recovering a stable, insoluble flour from said screened aqueous ethanol slurry; and 

(e) recovering a particulate-free aqueous ethanol solution containing soluble cereal grain by-products. 

By another aspect of this invention there is provided a pure and stable oat bran product having a beta glucan con- 
tent in the range 16-22% w/w and wherein said beta glucan is in a readily hydratable form such that a dispersion of said 
bran product in water at an effective gum content of 0.9% has a consistency coefficient of at least 8.8mPa.s 

Fig. 1 is a schematic flow diagram of the process according to the present invention; 

Fig. 2 is a partial flow sheet of the ion exchange separation of ethanoiic aqueous solutions (anionic and cationic 
fractions); 

Fig. 3 is a partial flow sheet of the ion-exchange separation of ethanoiic aqueous solutions (neutral fractions); and 
Fig. 4 is a partial flow sheet of the ion exchange separation of ethanoiic aqueous solutions (strong and weak ani- 
onic fractions). 
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Oats, wheat and rye grain may be steeped in water containing about 0.1% active sulphur dioxide as described in 
CA-A-1 179 189 supra, but instead of merely crushing or macerating the steeped grain to release the liquefied 
endosperm, it has now been found advantageous to macerate the grain with ethanol, such as 95% ethanol, so as to 
provide 83% ethanol concentration in the slurry, for a few minutes in an in-line macerator (Fig. 1). Following maceration 

5 the endosperm/bran aqueous ethanolic slurry is passed over a 20 mesh (0.841 mm) screen to separate a coarse bran 
fraction, which is macerated a second time with the 83% aqueous ethanol, and rescreened to produce a BRAN #1 prod- 
uct. Minor amounts of bran and coarse endospermic flour may be recovered on 150 (0.105 mm) and 325 mesh (0.044 
mm) screens and the bulk of the de-branned endospermic flour can be recovered, by any conventional liquid/solids sep- 
aration step, from the liquor passing through the 325 mesh (0.044 mm) screen to produce a wet flour cake product des- 

10 ignated FLOUR #1 . The aqueous alcoholic liquors of the various mash stages, now substantially free of all particulate 
material can be distilled to recover re-usable alcohol or further processed to recover value-added minor soluble com- 
ponents as described in more detail hereinafter. 

Example 1, OATS 

15 

4.5 kg of sound seed at 1 1 .2% moisture of the cultivar TIBOR (a hull-less cultivar), were steeped in 3 parts by 
weight of water containing 0.1% w/w active S0 2 according to the procedures of CA-A-1 1 79 1 89. 

The steeped seed (8.8kg) was macerated in 32.8 kg of 95% ethanol (effective ethanol concentration 83%) by cir- 
culating the slurry for five minutes through an in-line macerator (Fig. 1). The slurry was passed over a vibrating screen 
20 deck consisting of 20, 150 and 325 mesh (0.841 mm, 0.105 mm and 0.044 mm) stainless steel screens. The impure 
coarse bran fraction retained on the 20 mesh (0.841 mm) was macerated a second time in 3 parts of 83% ethanol solu- 
tion, passed through a power-sieve fitted with a 20 mesh (0.841 mm) screen and then dried in a stream of air at 80°C. 
The yield of primary bran flake was 0.67 kg (dm) and is designated as BRAN #1 . 

A second bran fraction was obtained from the 150 mesh (0.105 mm) screen of the vibrating deck and air dried to 
25 yield 0. 180 kg (dm) as BRAN #2. The fraction retained on the 325 mesh (0.044 mm) screen was observed as a coarse 
endospermic flour which yielded 0.3 kg (dm) as FLOUR #3. The liquor passing through the 325 mesh (0.841 mm) deck 
screen contained the bulk of the debranned endospermic flour. This was subjected to any suitable liquid/solids separa- 
tion step to yield a wet flour cake which gave 1 .841 kg (dm) as FLOUR #1 . 

The liquor passing the 20 mesh (0.841 mm) power sieve was passed over a 2 deck vibrating screen (150 and 325 
so mesh [0.105 mm and 0.044 mm]) to yield minor amounts of fractions (0.98 kg (dm) - BRAN#3 and 0.033 kg (dm) - 
BRAN#4). 

The aqueous alcoholic liquors, now freed of all particulate matter, were combined. These may either be distilled 
directly to recover reusable alcohol or be further processed to recover specific solubles as well as the alcohol. 

The mass balance shows that 87.9% w/w of the starting dry matter of the oat groat was recovered through this 
35 process. Solids losses to the steepwater are estimated at 2-3% and the solids soluble in the aqueous alcoholic liquor 
are in the 9-1 0% range. 

The major BRAN #1 and FLOUR #1 fractions are microbially acceptable. 

Tests for lipase activity involving incubation of the components with added triolein (a triglyceride) under controlled 
buffered conditions did not result in further increases in the basal level of free fatty acids. The bran and flour products 
40 were stable over a 9 month storage period. 
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Example 2. 

The BRAN #1 and FLOUR #1 from Example 1 were analysed as follows: 



TABLE 1 



Bran 




Flour 


24.9% 


Protein (NX6.25) 


17.4% 


4.5% 


Fat (either extract) 


3.0% 


10.9% 


Starch 


69.9% 


54.9% 


Total Dietary Fibre 


3.0% 


35.9% 


Insol. Dietary Fibre 


0.45% 


19.4% 


Soluble Dietary Fibre 


2.55% 


93.5% 


Total Dry Matter 


93.2% 



Macerating steeped oats in aqueous alcohol has the added advantage of causing the p-glucan gum component of 
the subaleurone cell walls to be retained in the bran. It is believed that during steeping, this gum becomes hydrated and 
upon contact with the alcohol is dehydrated. This has the effect of confering on the bran a kind of "instantizing" of the 
gum such that when a powdered form of the bran is dispersed in water, the slurry quickly thickens into a smooth viscous 
fluid within one hour. Currently, commercial oat bran preparations contain the p-glucan gum component in the range 8- 
1 1% w/w, i.e., approximately 50% of the gum content of the alcohol macerated steeped bran. When dispersed in water 
at a solids level such that the effective gum content of each is normalized to 0.9% w/w, the slurries after one hour of 
stirring are found to possess markedly different viscosities or consistencies. This is illustrated in Table 2. Guar and Xan- 
than gums, two commonly used commercial gum hydrocolloids, are cited for comparative purposes. Thus, alcohol mac- 
erated steeped oat bran produces a consistency and flow behaviour more like Guar gum than Xanthan gum. 



TABLE 2 



Thickening Agent 8 


Consistency Coeff (mPa.s) 


Row Index (n) 


Commercial Oat Bran 


0.501 


0.616 


Alcohol macerated Steeped Bran 


8.835 


0.245 


Guar Gum 


14.98 


0.241 


Xantham Gum 


3.078 


0.315 



a All thickeners suspended in water at 22°C such that the effective gum level in each is 
0.90% w/w. 



US-A-4,028,468 teaches the isolation of p-glucan gum from an oat bran by co-extraction of the gum with protein, 
followed by protein precipitation. The gum may be isolated by adding sufficient alcohol to precipitate it. In contrast, the 
present invention illustrates that it is possible to produce an oat bran preparation which is sufficiently high in p-glucan 
gum content where the gum has been "instantized" as a result of the alcohol macerating and steeping process. This 
product readily hydrates and produces slurries that display the characteristic viscosity (consistency) and flow behaviour 
of the isolated gum. Avoiding the need to isolate the gum component offers certain economic savings in both capital 
equipment and operating costs and results in an oat bran preparation high in dietary fibre, but also possessing unique 
viscosity building functionality. 

Example 3. WHEAT 

4.5 kg of sound Hard Red Spring wheat (10.2%) H 2 0 were processed similar to Example 1. Four fractions were 
obtained as follows: 
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The primary flour (FLOUR #1) = 1 .07 kg (dm); a flour fraction retained on the 150 mesh (0.105 mm) screen of the 
triple vibrating screen deck (0.92 kg dm); a flour fraction retained on the 150 mesh (0.105 mm) screen of the double 
vibrating screen deck (0.435 kg dm) and a primary bran fraction from the 20 mesh (0.841 mm) power screen (0.843 kg 
dm). Total material yield was 80% w/w (dm). Higher than expected losses occured in lines and pump heads since the 
5 wheat solids tended to quickly settle out of suspension, necessitating disassembly of the system to clear blockages. 

The protein content of each fraction in given in Table 3. 



TABLE 3 



10 


Fraction 


% Yield (dm)a 


% Protein (N x 5.7) 




Original wheat 




15.02 




Flour #1 


32.75 


5.97 


15 


Flour #2 


28.15 


20.27 




Flour #3 


13.31 


22.10 




Bran 


25.80 


16.14 



a based on (dm) total recovery of all fractions. 

20 



Thus, substantial protein shifts have occurred as a result of wet milling steeped wheat kernels in aqueous alcohol. 
Protein shifts have previously been reported by Wall et al., (7th Nat. conf. of Wheat Utilization Research, Kansas, 1971). 
25 However, the starting material was a pin-milled wheat flour. The data is given in Table 4 for a Hard Red Spring Wheat 
flour. 



TABLE 4 



(Walletal., 1971) 


Fraction 


% Yield (1 4%/H 2 0 basis) 


% Protein (N x 5.7) 


Original Flour 




12.8 


Flour A 


18.8 


19.4 


Flour B 


49.5 


8.7 


Flour C 


31.7 


14.2 



40 

Examples RYE 

4.5 kg of a Winter Rye cultivar (PUMA), (12.7% H 2 0) were processed in a fashion similar to that described in Exam- 
45 pie 1. 

Four fractions were produced as follows: Primary Flour (0.724 kg dm); Flour from 150 mesh (0.105 mm) screen of 
triple deck (0.838 kg dm); flour from 150 mesh (0.105 mm) screen of double screen deck (0.264 kg dm) and Bran (1 .20 
kg dm). 

The flours appeared contaminated by fine bran and the bran was contaminated by adhering flour. Total yield was 
so 77.03% dm. Again as in wheat, the density of the solids particles causes process operating problems resulting in mate- 
rial losses. 

Examples 3 and 4, while not optimum, do illustrate that the aqueous alcohol wet milling of oats can be extended to 
other cereals such as wheat and rye. Triticale, although not tested, might be expected to process in a similar fashion. 

Although application of the alcohol milling steeped grain process can be applied to wheat and rye, the bran prod- 
55 ucts of Examples 3 and 4 do not display the functionality (viscosity building) displayed by the oat bran of Example 1 . 

Wheat bran does not contain high levels of p-glucan gum, while rye bran, although containing this component, also 
contains substantial amounts of rye flour. It is also possible that within the operating parameters of this invention, the 
rye p-glucans do not become as hydrated as they do in oats. 
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The ethanolic waste solutions from the above treatments may, as indicated, be distilled to recover reusable alcohol 
directly or they may, according to further embodiments of the invention, be further processed by the use of anionic 
and/or cationic ion exchange resins to recover further minor but economically valuable products. The further processing 
of the aqueous ethanolic solutions will be illustrated by way of example, it being appreciated that the alcoholic solutions 
5 from processing any of the cereal grains amenable to the processing steps described above in details may be used. 



Example 5. 



Hull-less whole oats ( Avena sativa L. cult TIBOR) were steeped and commuted with ethanohwater to give various 

10 solids (bran, flour, etc.) by the process of Example 1 , and a waste ethanohwater stream. The amount of effluent waste 
stream generated was approximately 80 litres per 4.5 kg initial weight of oats being processed. The composition of the 
stream was approximately 80% ethanol containing not more than 6.75 gm/litre total solubles (-1 2% of initial weight dis- 
solved in 80 litres: 0.12 x 4.5 x 1 0 3 x 0.0125 gm/litre). Eight consecutive steeps were carried out and the ethanolic waste 
streams combined to give 640 litres of filtered ethanolic solution containing approximately 4.32 kg dissolved solids. The 

is column recovery system (Figure 2) consisted of 16 litres bed volume Sephadex R 25 Anion Exchanger (Quaternary ami- 
noethanol-substituted dextran beads, in the formate form, pre-equilibrate and packed in 80% ethanol). The ethanolic 
waste stream was passed through the column by gravity feed (constant pressure mariot device; 3 meters hydrostatic 
drop; flow rate approximate 380 ml/min). After all waste effluent had been loaded, the interstitial liquid was displaced 
using a further 35 litres of 80% ethanol (approximate running time for 675 litres : 30 hrs.). This clear, pale yellow efflu- 

20 ent, hereafter referred to as the NEUTRAL PLUS CATIONIC FRACTION was stored at room temperature until further 
utilized. The KS 370 column was then eluted with 2 bed volumes (32 litres) of the (freshly-prepared) solvent system Eth- 
anol:H 2 0:formic acid (70:25:5 v/v/v as %) to give a clear, greenish-yellow solution. This eluate hereafter referred to as 
the ANIONIC FRACTION, was then evaporated to a thick greenish yellow syrup, resuspended several times in 3 litres 
of 80% ethanol and re-evaporated to remove the last traces of formic acid. The final syrup (-150 ml) was dispersed in 

25 2 litres of isopropanol water (2:1 vfv). 



a) Analyses of the ANIONIC FRACTION: Quantitative and qualitative proximate analysis were performed as fol- 
lows: Qualitative analysis of the mixture was carried out by comparative thin-Layer chromatography (TLC) with 
appropriate standards and chromogenic detecting reagents as shown in Table 5. 



TABLE 5 



Phenolic Acids: 



Alkaloids: 



Fatty Acids 
Organic Acids 
Amino Acids 



TLC on silica gel G (Baker-Flex R 1B2-F layers) solvent: CHCI 3 :HOAc (95:5) detec- 
tion: 0.1% diphenyl borinate: with 5% ethanolamine overspray: UV light ferulic acid : 
p-coumaric acid : caffeic acid 

TLC on silica gel G (Baker-Flex R 1 B2-F layers) CHCI 3 :iso-propanoi: HOAc (90:5:5) 
ethanolamine spray; 

Avenanthramides A, B, C, D f E, F, G, H, K, L, M, N, O, P, Q, R, S, T, U (as defined in 
Table 6) and several, as yet undefined structural analogues. Total Content; 2.2 gm. 

-> (stearic), palmitic, oleic, iinolenic, linoleic 

-> Malic, citric 

-> Glutamic, Aspartic and traces of a least five others. 
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TABLE 6. 

STRUCTURES OF E- ISOMERS OF OAT AVENANTHRAMIDES 









HO^o" ^^OM 


HO 


HO 0 














OH 


OH 

HO'^O ^^^OM 


OH 

HO v OH 
OH 


OH 

H0^»O M ^^^OH 
OH 






OH 

HQ-^O ^^OH 
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Example 6. 



w 
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The NEUTRAL AND CATIONIC FRACTION prepared from the 4.5 kg steep of Example 5 was further fractionated 
by passing the processing stream outflow, from the Anion exchange column, directly through a cation exchange column 
consisting of Sephadex R C-25 Cation Exchanger (sulfopropyl-substituted dextran beads in the hydrogen form pre-equil- 
ibrated in 50% Ethanol). When all effluent stream had been passed through the column, the column was washed with 
a further 2 bed volumes of 50% Ethanol and combined with the eluate to give a non-absorbed fraction which had in 
effect passed through both anion and cation exchangers and is referred to hereafter as the NEUTRAL FRACTION (Fig- 
ure 3b). This NEUTRAL FRACTION was stored at room temp, until further analyzed. The column was then eluted with 
the solvent Ethanol:H 2 0:conc. NH 4 OH 50:45:5 v/v/v using bed volumes of solvent. The resulting eluate, termed the 
CATIONIC FRACTION was concentrated under reduced pressure, and resuspended and re-evaporated to a reddish- 
brown laquer and dissolved in 50% aqueous isopropanol. 

a) Analysis of the NEUTRAL FRACTION Qualitative analyses of the neutral fraction was carried out using compar- 
ative Thin-Layer Chromatography, with appropriate standards and chromogenic detecting reagents. After the etha- 
nol was recovered from the neutral fraction (- 90 litres 80% ethanol) the remaining syrup (bright yellow, butter-like 
oil) was taken up in 50% aqueous isopropanol and used for analysis. 



20 



TABLE 7 



25 



30 



35 



Free Sugar?: 



Alkaloids : 



TLC; Avicel layers (Baker-Flex R ; Cellulose: Ethylacetate pyridine H 2 0:1 2:3:5 //aniline phthalate 
spray: Glucose galactose, arabinose. xylose and an unknown reducing sugar resembling ribose 

Phenolics: Flavonoids: TLC polyamide 6.6 detection reagent 1% diphenylborinate with 5% eth- 
anolamine overspray Quercetin. Kaempferol, Trfcin, Apiqenin. Luteolin . Orientin . Iso-orientin. 
Quercetin-3-rutinoside and 30 or 40 additional glycosides. 

Triterpene: TLC. Silica Gel Q (Baker-Flex R 2-F; CHCI 3 : Glycosides MeOH:H 2 0 70:28:2; detection 
5 1% vanillin in 5% H 2 S0 4 in 50% isopropanol) Avenacoside . Desglucosyl- avenacoside and 5 
additional glycosides of incompletely characterized chemistry. 

Avenacin A. Avenacin A-1 



Avenacin P, Avenacin B-1 (same solvent as above). 



Lipids: A number of mono-, di- and tri-acyl glycerides; monoglycosyl monoglycerides diglycosyl 
monoglycerides monoglycosyl diglycerides glycerol; stigmasterol (TLC CHCI 3 :MeOH:HOAc:Sil- 
ica Gel G; H 2 S0 4 spray. CHCI 3 :EtoAc:etc. 



40 ExarpplfiX 

4.5 kg of sound hard red spring wheat were processed in a fashion similar to the oats of examples 1 and 5. The 
ethanol water 80:20 waste stream after filtration through cloth filter (clear, pale yellow liquid) was then fed through an 
Anion exhanger consisting of Sephadex R A-25 (QAE, in the acetate form: pre-equilibrated in 80% ethanol) (bed volume 

45 200 mis: 3 meter hydrostatic pressure; flow rate ~ 80 mls/min; total volume effluent 80 litres; total time 16.7 hrs operat- 
ing time). The eluate (clear pale yellow solution) termed the NEUTRAL and CATIONIC FRACTION was used for other 
studies and the ethanol recovered. A further 400 mis (2 bed volumes) of 80% ethanol solvent was passed through the 
column to displace the interstitial effluent which was combined with the NEUTRAL and CATIONIC FRACTION 
described above. The anions captured by the gel were first eluted with 800 ml. (i.e. 4 bed volumes) of the solvent Eth- 

so anol:water:glacial acetic acid (70:25:5) to give a fraction called the WEAK ANION FRACTION. This fraction was evap- 
orated under reduced pressure to give an amber coloured syrup. The syrup was resuspended and re-evaporated 
several times with 100 mis 80% ethanol to remove the last traces of acetic acid and the final syrup taken up in isopro- 
panol: water (67:33). The column was then eluted with 800 mis (4 bed volumes) of the solvent ethanol :water:formic acid 
(70:20:10) to give a fraction term the STRONG ANION FRACTION. This fraction was treated as described above for 

55 the weak anion fraction to give a deep blue-purple solid solubilized in isopropanol: water (67:33). Finally the column was 
recycled according to a modification of manufacturers specifications using dilute alcoholic HCI; dilute alcoholic NH 4 OH 
and finally re-equilabrated in the acetate form using dilute alcoholic acetic acid. The fractionation and recycling process 
is summarized in Figure 4. 
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a) Analyses of the WEAK ANION FRACTION Qualitative analyses were performed as outlined below using com- 
parative TLC using appropriate standards and chromogenic detecting reagents as shown in Table 8. 



TABLE 8 





Phenolic Acids :TLC on silica Gel G {Baker-Flex* 1B2-F) solvent CHCI^-HOAr QS-fi 




ferulic: p-coumaric: and caffeic (trace) + series of unidentified conjugated forms of 




the above (not avenanthramides). 


Fatty Acids: 


palmitic, oleic, linoleic 


Oraanic Acids: 


not detected. 



is b) Analyses of the STRONG ANIONIC FRACTION Qualitative anlayses were performed as outlined below using 
comparative TLC using appropriate standards and chromogenic reagents (Table 9). 



Phosphatides : 
Oraanic Acids : 



Amino Acids : 
Uronic Acids: 



TABLE 9 

Phenoiics : A new type of phenolic pigment of unknown precise structure soluble in 
aqueous alcohol with unusual properties of blue in acid solution and pink-red in alkali: 
stable for at least 6 months in aqueous alcohol at pH 3 to 11. No avenanthramides. 

Lecithins TLC (CHCI 3 :EtoAc) phosphomolybdate reagent 

malic acid, (tartaric acid?) (citric acid?) 

glutamic acid , aspartic acid and several others 

glucuronic apid, aalacturonic acid and traces of several others. 



30 



Example 8. 

35 In this example, the waste ethanolic effluent from the processing of rye by the process outlined in Examples 1 and 
5 was diluted to 50% ethanol from 80% ethanol previously used. The purpose of doing so was twofold: First, the pres- 
ence of alkylresorcinols in rye extracts prepared with non-aqueous solvents (e.g. chloroform, acetone, 100% methanol, 
100% ethanol) or extracts containing relatively little water (e.g. 90%, 80% lower alcohols) is known. By diluting the 80% 
to 50% ethanol it was anticipated that the majority of these lipophilic compound would be precipitated. Secondly, the 

40 example of processing the effluent in 50% rather than 80% ethanol would further emphasize the adaptive utility of the 
ion-exhange procedure to a broader range of processing conditions. 

4.5 kg of winter rye (Secale cereale L. CULT. PUMA) was processed as previously described above for wheat and 
oats to give 80 litres of filtered 80% ethanol waste effluent. The effluent was mixed with sufficient water to reduce the 
ethanol content to 50% prior to further processing. The addition of water to the 80% ethanol produced a f locculent pre- 

45 cipitate which was removed by sedimentation. After standing for 1 week the clear supernatant was recovered by careful 
decantation. The precipitated sludge (pale yellow-brown) was recovered by filtration dried under vacuum and analyzed 
separately. The clear pale yellow supernatant 50% ethanol (i.e. waste effluent) was then used in the following tandem 
ion exchange process similar to that utilized in the oat treatment described in Example 5. The column recovery system 
consisted of separate Sephadex R A-25 and C-25 dextran-gels approximately 200 mis. bed volume each. The A-25 gel 

so was prepared in the acetate form and the C-25 gel in the hydrogen ion form. Both gels were pre-equilibrated and packed 
in 50% ethanol. The ethanolic waste stream (approx. 128 litres) was passed through the anion exchange column by 
gravity feed (3 meter hydrostatic drop) and directly through the cation exchange column. The interstitial liquid remaining 
in the columns after all effluent had entered was displace by washing the columns with a further 1 .0 litre of 50% ethanol. 
The clear, pale yellow effluent from the tandem columns, hereafter referred to as the NEUTRAL FRACTION was con- 

55 centrated by rotary evaporation to a thick pale greenish-yellow syrup. The trapped solvent was used for solvent recovery 
of the ethanol by distillation (azeotropic ethanol) for re-use. Samples of the waste effluent taken at various stages of the 
ion exchange procedures showed the following pH values. Initial pH 7.0 prior to treatment; effluent after passage 
through anion exchanger: pH 6.3; effluent after further passage through cation exchanger: pH 6.3; NEUTRAL FRAC- 
TION after solubilization in 50% ethanol: pH 7.0. 



9 

BNSDOCJD: <EP 0449557B1 J_> 



EP 0 449 557 B1 



The columns were eluted separately to recover the ANIONIC FRACTION (column elution with 4 bed volumes eth- 
anol: waterrglacial acetic acid 50:45:4) and the CATIONIC FRACTION (column elution with ethanol:water:conc NH 4 OH 
50:45:5). The individual ANIONIC and CATIONIC FRACTIONS were concentrated to brownish yellow lacquers under 
reduced pressure by rotary evaporation at 40°C. In both cases, the residues were resuspended and re-evaporated sev- 
5 eral times with 300 mis. 50% ethanol to remove the last traces of either acetic acid (anionic) or ammonia (cationic). The 
final residues were taken up in 50% iso-propanol for further anlayses. 

a ) Analyses of the ANIONIC FRACTION Qualitative analysis was performed using procedures outlined in Example 
5. A similar pattern to that of wheat was observed. No avenanthramides were detected in this fraction. 
10 b ) Analyse? Of the CATIONIC FRACTION Qualitative analysis was performed using standard thin-layer chromato- 
graphic techniques (Table 1 0). 



TABLE 10 



15 



20 



25 



30 



35 



40 



Amino Acids & Peptides : 
Amines 



TLC Avicel layers (Baker-Flex R ; cellulose; Butanol: acetic 
acid: water 55:15:30 // , ninhydrin reagent). 

Spermine. Spermidine and Putrescine (both free and as con- 
jugates with unidentified phenolics) Choline, Ethanolamine. 



c ) Analysis of the NEUTRAL FRACTION Qualitative analysis of the fraction was performed using procedures out- 
lined for oats in Part 1 Example 6(a). The results are summarized in Table 11. 



Free Sugars 



Phenolios 



Amino Acids 



TABLE 11 

TLC; Avicel layers (Baker-Flex R ; Cellulose; Ethyl acetate:pyridine:water 60:15:25 v/v/v ; aniline 
phthalate reagent) 

Glucose, galactose, arabinose (plus traces cellobiose or maltobiose) 



TLC; Silica Gel G (Baker-Flex R B2-F; Ethyl acetate :MEK:water:formic acid 50:30:10:10 v/v/v/v) 
detection using diphenylborinic acid ethanolamine complex). Orientin, iso-orientin, apigenin-7- 
0-glucoside and at least 15 other unidentified flavonoid glycosides and aglycones. 

Numerous amino acids including Glutamine. Asoaraoine. Phenylalanine. Tyrosine. Leucine. 
ISOleuciPe, Tryptophan, Serine, Threonine were readily detectable in this fraction. (TLC for 
amino acids as described above was used). Numerous peptide and/or amino acid conjugates 
separated but not identifed as well. 

A number of mono- and di- acyl glyderides; diglycosyl monoglycerides; free glycerol several 
uncharacterized sterols as conjugates (stigmasterol, cycloartenol, sitosterols) 
(TLC:CHCI 3 :Acetic acid 95:5 H 2 S0 4 charring) no evidence of either Avenacosides or 
Avenacins found in this fraction (cf . oats). 



45 



50 



d ) Analysis Of the precipitated Sludge The dried yellow-brown sludge precipitated in the ethanol waste liquors and 
recovered by filtration, was taken up in iso-propanol and subjected to analysis by TLC (reverse phase C 18 layers; 
solvent: Acetone:Methanol:water 50:35:15, detection by vanillin-sulfuric acid chromogenic reagent resorcinols'; 
Also analysis by HPLC, GC and mass spectroscopy). The sludge ws found to contain a complex mixture of 5-n- 
alkyh 5-n-alkenyh 5-n-alkyldiene- and 5-n-alkyltriene resorcinols: 



55 
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OH 

1. n - 7, 8, 9, 10, 11, 12 

2. n = 8, 9, 10, one double bond 

3. n = 8, 9, 10, two double bonds 

10 



The cationic fraction from Example 6 was further analysed and shown to contain a minor group of arylamine deriv- 
atives, which are herein described as Phenamines, which consist of a series of glycosides of 2-aminophenol. The gly- 

15 cosides consist of one or more glucose moieties attached by p-glycosidic linkage to the phenolic hydroxy! function. In 
addition, some phenamines appear to contain glactose as well as glucose. They are readily hydrolyzed non-enzymati- 
cally by weak acid and enzymatically with p-glucosidases (almond, yeast, bacterial) to give the sugar and the unstable 
aglycone 2-aminophenol. This aglycone spontaneously oxidizes in air to give the dimer 2-aminophenoxazin-3-one . The 
phenamines are not restricted to rye, and have been detected in a number of other monocot cereal grains by virtue of 

20 the free arylamine function. Using histochemical techniques on sectioned grains, the phenamines have been detected 
in oats, wheat, barley, rye and corn, and appear to be specifically localized in the aieurone cells. Until recently the exact 
structures of these phenamines and their spontaneous dimerization to 2-aminophenoxazin-3-one after hydrolysis was 
not known. This dimeric aglycone does not appear to be present in undamaged grains but can readily be produced in 
broken or damaged grains presumably by the action of endogenous p-glycohydrolases. Due to their specific localization 

25 only in aieurone cell, the content in whole grains and whole grain flours is low but in mill fractions such as bran or bran- 
enriched mill streams the concentration may be as high as 0. 1 % dry weight. To date no studies on the biological activity 
of the naturally-occuring glycosides have been carried out but the dimeric aglycone 2-aminophenoxazin-3-one is a well 
known antibiotic first isolated from Streptomyces spp. and marketed as Questiomycin A R . Preliminary evaluation of 2- 
aminophenoxazin-3-one from hydrolyzed phenamines in association with ruminant nutrition has shown some remarka- 

30 ble properties and potential applications at this time. 

The fact that 2-amino-phenoxazine-3-one, produced from the o-aminophenoxyglycosides found in grains, appears 
to act specifically to inhibit the growth of cellulolytic anaerobic bacteria of rumen origin, while having no apparent effect 
on non-cellulolytic species from the same environment, has a number of practical implications. 

35 1. The compounds may play a role in the well known tendency of grains to inhibit fiber digestion in ruminants. In 
this case, the development of antagonists, or of grains with lower levels of o-aminophenoxyglycosides. would be 
economically worthwhile. The same compound might be playing a significant role in slowing industrial fermenta- 
tions based on celluiosic substrates, in which case the use of antagonists or the removal of the compound from the 
fermentatior feed stock would be of great economic significance. 

40 2. The mechanism by which 2-amino-phenoxazin-3-one inhibits cellulolytic rumen bacteria is unknown, but if it 
proves that the inhibition of cellulolytics is a general phenomenom the compound would have widespread applica- 
tion in preventing cellulose degradation both in natural envirnoments (i.e., as a wood preservative) and in industrial 
processes, particularly those based on the biological degradation of xylans, hemicellu loses, etc., for the production 
of high quality papers and other fiber products. In these cases the major problem in the process is preventing the 

45 growth of cellulolytic organisms while encouraging the growth of organisms degrading other polysaccharides, and 
the specificity of 2-amino-phenoxazin-3-one is unique in solving this problem. 

The avenanthramides described in Table 6 are believed to represent a group of over 50 members (including iso- 
mers) of alkaloids present in oat grains, but not in wheat, barley or rye. The avenanthramides consist of conjugated 

so forms of the aminophenolic acids, anthranilic, 5-hydroxyanthranilic, 4-hydroxyanthranilic and presumably 5-hydroxy-4- 
methoxy-anthranilic acid. The conjugated forms contain various hydroxy/methoxy-substituted cinnamic or phenylpenta- 
dienoic acids attached via "pseudopeptide" linkage to the amine function of the aminophenolic moiety. They are present 
in oat hulls and groats and appear to be concentrated in the peripheral regions of the grain. In oat processing waste 
streams they are present in the waste effluent in low concentration but are readily removed in the anion exchange 

55 recovery system. Based on these conditions (not optimzed) for extraction, the content is approximately 2.2 gms in 36 
kg of whole oats (0.06%) expressed as Avenanthramide A equivalents. 

Studies on the biological activity of avenanthramides show that they can be used in potent antihistaminic, antialler- 
gic and antiasthmatic drugs, and as an in vitro lipoxygenase inhibitor. (Japanese Patent #60, 1 52, 454: 1 986). However, 
until now it was not known that any of these compounds occurred naturally. The cyclodehydration products, the avena- 
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lumins, have been shown to possess potent antifungal properties. Once again, no mention has heretofore been made 
of the occurrence of the avenanthramides, but it has now been shown that on contact with water, the avenalumins in 
fact are rapidly hydrolyzed to produce the corresponding avenanthramides, and that the biological activity is in all prob- 
ability due to the avenanthramide, rather than the avenalumin analogue. 

Claims 

1. A process for producing pure and stable bran and flour products from whole cereal grains without milling compris- 
ing: 

(a) steeping said whole cereal grains in water for sufficient time to liquify the endosperm content thereof; char- 
acterised by: 

(b) macerating said steeped grain in an aqueous ethanoi solution so as to liberate said liquid endosperm, form- 
ing an endosperm bran aqueous ethanoi slurry; 

(c) screening said aqueous ethanoi slurry to separate and recover a stable, insoluble bran product; 

(d) separating and recovering a stable, insoluble flour from said screened aqueous ethanoi slurry; and 

(e) recovering a particulate-free aqueous ethanoi solution containing soluble cereal grain by-products. 

2. A process as claimed in Claim 1 wherein said cereal grain is selected from oats, wheat and rye. 

3. A process as claimed in Claim 1 characterised by passing said particulate free aqueous ethanoi solution through 
an anionic exchange column, recovering a cationic fraction effluent, eluting an anionic fraction from said column, 
and recovering by-products from said cationic fraction effluent and said anionic fraction eluate. 

4. A process as claimed in Claim 3 characterised by passing said cationic effluent through a cationic exchange col- 
umn, recovering a neutral fraction effluent, eluting a cationic fraction from said column, and recovering by-products 
from said cationic fraction effluent and said cationic eluate. 

5. A process as claimed in Claim 3 characterised in that the by-products recovered from said anionic fraction eluate 
include phenolic acids, alkaloids, aventhramides, fatty acids, malic and citric acids, amino acids. 

6. A process as claimed in Claim 4 characterised in that the by-products recovered from said cationic fraction effluent 
include free sugars, phenolics, triterpene glycosides, avenacin A, avenacin A-1, avenacin B, avenacin B-1 and lip- 
ids. 

7. A process as claimed in Claim 4 characterised in that the by-products recovered from said cationic eluate include 
free sugars, phenolics, amino acids and lipids. 

8. A pure and stable oat bran product having a beta glucan content in the range 1 6-22% w/w and wherein said beta 
glucan is in a readily hydratable form such that a dispersion of said bran product in water at an effective gum con- 
tent of 0.9% has a consistency coefficient of at least 8.8mPa.s 

Patentanspruche 

1. Verfahren zum Herstellen von reinen und stabilen Kleie- und Mehlerzeugnissen aus ganzen GetreidekGrnern ohne 
Mahlen, wobei das Verfahren folgende Schritte aufweist: 

(a) Weichen der ganzen GetreidekBrner in Wasser fur eine ausreichende Dauer, urn ihren Endospermanteil zu 
verf lussigen; gekennzeichnet durch: 

(b) AufschlieBen des geweichten Kbrns in einer waBrigen EthanollOsung, um das flussige Endosperm freizu- 
setzen, wobei eine Aufschiammung aus Endosperm/Kleie und waBrigem Ethanoi gebildet wird; 

(c) Abfiltrieren der waBrigen Ethanolaufschiammung, um ein stabiles, unlosliches Kleieprodukt abzutrennen 
und ruckzugewinnen; 

(d) Trennen und Ruckgewinnen eines stabilen, unlGslichen Mehls aus der abfiltrierten waBrigen Ethanolauf- 
schiammung; und 

(e) Ruckgewinnen einer teilchenfreien waBrigen EthanollGsung, die I6sliche Getreidekorn-Nebenprodukte ent- 
hait. 

2. Verfahren nach Anspruch 1 , wobei das Getreide aus Hafer, Weizen und Roggen ausgewahlt sind. 
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3. Verfahren nach Anspruch 1, gekennzeichnet durch Leiten der teilchenfreien waBrigen EthanollGsung durch eine 
AnionenaustauschsSule, Ruckgewinnen eines Abflusses einer kationischen Fraktion, Eluieren einer anionischen 
Fraktion aus der SSule, und Ruckgewinnen von Nebenprodukten aus dem AbfluB der kationischen Fraktion und 
dem anionischen Fraktionseluat. 

5 

4. Verfahren nach Anspruch 3, gekennzeichnet durch Leiten des kationischen Abflusses durch eine kationische Aus- 
tauschsSule. Ruckgewinnen eines Abflusses einer neutralen Fraktion, Eluieren einer kationischen Fraktion aus der 
Saule, und Ruckgewinnen von Nebenprodukten aus dem AbfluB der kationischen Fraktion und dem kationischen 
Eluat. 

70 

5. Verfahren nach Anspruch 3, dadurch gekennzeichnet, daB die aus dem Eluat der anionischen Fraktion ruckgewon- 
nenen Nebenprodukte PhenolsSuren, Alkaloide, Avenanthramide, FettsSuren, Apfel- und CitronensSure, Amino- 
sSuren umfassen. 

15 6. Verfahren nach Anspruch 4, dadurch gekennzeichnet, daB die aus dem AbfluB der kationischen Fraktion ruckge- 
wonnenen Nebenprodukte freie Zucker, Phenole, Triterpen-Glykoside, Avenacin A, Avenacin A-1, Avenacin B, 
Avenacin 6-1 und Lipid e umfassen. 

7. Verfahren nach Anspruch 4, dadurch gekennzeichnet, daB die aus dem kationischen Eluat ruckgewonnenen 
20 Nebenprodukte freie Zucker, Phenole, AminosSuren und Upide umfassen. 

8. Reines und stabiles HaferWeie-Erzeugnis, das einen p-Glucananteil im Bereich von 16 bis 22 % (Gew.-%) hat und 
wobei das p-Glucan in einer leicht hydratisierbaren Form ist, so daB eine Dispersion des Kleie-Erzeugnisses in 
Wasser bei einem effektiven Pflanzengummianteil von 0,9 % einen Konsistenz-Koeffizienten von wenigstens 8,8 

25 mPa.s hat. 

Revendications 

1. Un procede de preparation de produits k base de son et de farine purs et stables k partir de grains de c6r6ales 
so entters, sans mouture, comprenant: 

(a) la detrempe desdits grains de c£r£ates entiers dans de I'eau pendant une dur6e suff isante pour liquet ier ie 
contenu de 1'endosperme. caracterise en ce que: 

(b) la maceration desdits grains d&remp&s dans une solution hydroethanolique de mani&re k liberer iedit 
35 endosperme liquide pour former une suspension endosperme/son dans rethanol aqueux, 

(c) le tamisage de ladite suspension hydroethanolique pour s£parer et isoler un produit k base de son insoluble 
et stable, 

(d) la separation et I'isolement d'une farine stable et insoluble k partir de ladite suspension hydro£thanoiique 
tamis£e, et 

40 (e) I'isolement d'une solution hydroethanolique d£barrass£e des solides. contenant des sous-produ'rts solubles 

de grains de c£r£ales. 

2. Un proc^de seion la revendication 1 , dans lequel Iedit grain de c&r£ales est choisi parmi avoine, froment et seigle. 

45 3. Un proc£d£ selon la revendication 1 , caract£ris6 en ce que Ton fait passer ladite solution hydro6thanolique d£bar- 
rass6e des solides sur une colonne 6changeuse d'anion, on isole une fraction effluente cationique, on eiue une 
fraction dilution anionique de ladite colonne et on isole les sous-produits de ladite fraction effluente cationique et 
dudit eluat de fraction anionique. 

so 4. Un procede seion la revendication 3, caracterise en ce que Ton fait passer Iedit effluent cationique sur une colonne 
d'£change cationique, on isole une fraction effluente neutre, en eiuant une fraction cationique de ladite colonne, et 
on isole des sous-produits desdits effluents de fraction cationique et desdits eiuats cationiques. 

5. Un precede selon la revendication 3, caracterise en ce que les sous-produits isol6s k partir dudit eluat de fraction 
55 anionique comprennent des acides phenoliques, des alcaloTdes, des avenanthramides, des acides gras, des aci- 
des malique et citrique, et des aminoacides. 
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6. Un procikte selon la revendication 4, caracterisS en ce que les sous-produits isotes dudit effluent de fraction catio- 
nique comprennent des sucres libres, des produits ph6noliques, des triterpfcnes glycosides, de I'av6nacine-A, de 
I'av6nacine A-1 , de I'av6nacine B, de I'av6nacine B-1 et des lipides. 

7. Un proc6d6 selon la revendication 4, caract£ris<§ en ce que les sous- produits isotes dudit 6luat cationique com- 
prennent des sucres libres, des produits phSnoliques, des aminoacides et des lipides. 

8. Un produit k base de son d'avoine pur et stable, dont la teneur en b§ta-glucane est comprise entre 1 6 et 22% en 
poids et dans lequel ledit b§ta-glucane est sous une forme facilement hydratable de sorte qu'une dispersion dudit 
produit h base de son dans I'eau, ayant une teneur en gomme effective de 0,9% en poids pr§sente un coefficient 
de consistance cf au moins 8,8 mPa.s. 
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